Introduction
The hypothalamic paraventricular nucleus (PVN) contains hypophysiotropic neuron populations that control the hormone secretion of the anterior pituitary gland.
The hypophysiotropic thyrotropin-releasing hormone (TRH) and NPY syntheses are increased, whereas α-MSH and CART syntheses are inhibited. Both α-MSH/CART and AGRP/NPY neurons send afferents to innervate hypophysiotropic TRH and CRH neurons. Since α-MSH and CART stimulate, while NPY and AGRP inhibit TRH synthesis, during fasting the decrease of stimulatory and increase of inhibitory signaling on TRH neurons result in an inhibition of TRH production in hypophysiotropic neurons. Although it has not been so thoroughly studied yet, several data support the hypothesis that suppression of CRH synthesis in fasting animals is elicited similarly by arcuate nucleus α-MSH/CART and AGRP/NPY neurons.
Among the four arcuate nucleus-derived neuropeptides described above, the AGRP and α-MSH innervation of hypophysiotropic TRH and CRH neurons originate exclusively from the arcuate nucleus. In contrast, morphologic studies suggested that NPY-and CART-containing axons originating outside the arcuate nucleus also substantially contribute to the innervation of hypophysiotropic TRH and CRH neurons. A main focus of this Ph.D. thesis was to identify the sources of these NPYand CART-containing axons. In addition, we also examined whether NPY and CART 
Materials and Methods

Animals
The experiments were carried out on adult male Wistar (TOXI-COOP KKT, Methods used for the different experiments of the thesis are summarized in Table   1 . 
Table 1. Summary of main methods used in the different experiments of the thesis
Study
Light microscopic immunocytochemistry (in studies 1,2,5,7)
Animals received colchicine intracerebroventricularly ranging from 40-100µg for optimal detection of CART, CRH and proTRH in perikarya, and 20 hours later were transcardially perfused with fixative containing acrolein and paraformaldehyde.
Sections were cut on a Leica freezing microtome, processed for immunocytochemistry and incubated in dilutions of specific primary antisera. For immunofluorescence, antigens were detected by AMCA-, FITC-, CY3-and CY5-conjugated secondary antibodies (Jackson ImmunoResearch), or by peroxidasereaction catalyzed biotinylated tyramide amplification followed by AMCA-or FITCconjugated avidin (Vector). Immunofluorescent specimens were analyzed with a Zeiss epifluorescent microscope or Bio-Rad Radiance 2000 confocal microscope. In study 7, antigens were detected by peroxidase reaction: galanin was labeled by silver intensified Ni-diaminobenzidine (Ni-DAB) precipitate yielding black color, proTRH was labeled by brown DAB precipitate.
Fluorescent in situ hybridization and immunofluorescence (in study 3)
Sections of paraformaldehyde-fixed brains were cut on a freezing microtome and were hybridized with a 1241 base long digoxigenin-11-UTP (Roche)-labeled antisense riboprobe for proTRH. Digoxigenin-labeled riboprobe was detected by peroxidase-conjugated anti-digoxigenin antibody (Roche), followed by biotinylated tyramide amplification and AMCA-conjugated avidin. Immunofluorescence detection of CART and PNMT was performed after in situ hybridization.
Electron microscopic immunocytochemistry (in study 4 and 7)
Animals were treated with colchicine (60µg, icv.) and perfused with a fixative containing acrolein and paraformaldehyde. Sections were cut on a vibratome and processed for immunocytochemistry. CART and galanin were detected with immunoperoxidase method yielding DAB precipitate. CRH and proTRH were detected using colloidal gold-conjugated secondary antibodies (Electron Microscopy 
Statistics
All data are presented as mean ± SEM. Densitometric data of CART and NPY hybridization signals of fed and fasted animals were compared by Student's t-test.
Results
Contribution of adrenergic NPY-containing axons to the innervation of TRH neurons
Since adrenergic fibers densely innervate the hypophysiotropic TRH neurons, and the majority of adrenergic neurons in the C1-C3 areas co-express NPY, we determined the ratio of adrenergic NPY-containing axon terminals in the total NPY innervation of TRH neurons. Immunoreactivity for phenylethanolamine-Nmethyltransferase (PNMT), the enzyme synthesizing adrenaline, was used as a marker of adrenergic axons. The majority (74.8 ± 1.1%) of PNMT-IR varicosities in contact with proTRH-IR neurons also contained NPY-immunoreactivity, while PNMT-immunoreactivity was found in 26.6 ± 2.2% of NPY-IR axon varicosities in close apposition to proTRH neurons.
Origin of CART-IR innervation of the PVN
As a first step to identify putative CART-expressing cell groups outside the arcuate nucleus that innervate TRH and CRH neurons, we injected the retrograde tracer CTB into the PVN, to map the origin of CART innervation of the PVN. Three brains with CTB injection sites centered in the parvocellular parts of the PVN were used to map the CART-IR neurons projecting to the PVN. The distribution of doublelabeled CART/CTB neurons was similar in all three brains. Numerous double-labeled CART/CTB-IR neurons were found in the retrochiasmatic area, arcuate nucleus, zona incerta, lateral hypothalamus/perifornical area, C1-C3 areas of the brainstem, and medial subnucleus of the nucleus tractus solitarius (NTS).
Colocalization of CART with other neurotransmitters in neurons projecting to the PVN
Triple immunofluorescent labeling revealed that in the zona incerta, lateral hypothalamus, and perifornical area, all neurons co-containing CTB and CART also expressed melanin-concentrating hormone (MCH). The majority of CART neurons throughout the C2 and C3 areas contained the adrenergic marker enzyme PNMT, whereas in the C1 area the colocalization of CART and PNMT was found only in its rostral and medial portions; no CART-IR neurons were observed in the caudal part of the C1 region. Of the neurons in the C1-3 regions that co-contained CART and PNMT, the majority also contained CTB. In contrast, none of the CART/CTBcontaining neurons in the medial NTS contained PNMT.
Contribution of adrenergic fibers to the CART innervation of TRH neurons
In the periventricular and medial parvocellular subdivisions, where hypophysiotropic TRH neurons are located, both CART and PNMT-IR axon varicosities were found in close juxtaposition to nearly all proTRH mRNA-containing cell bodies. PNMT-immunoreactivity was present in 44.0 ± 3.6% of CART-IR axon varicosities in close apposition to proTRH neurons in the PVN. Conversely, approximately half of the PNMT-IR varicosities in contact with proTRH mRNAcontaining neurons also contained CART-immunoreactivity in both the periventricular (51.3 ± 5.6%) and medial (53.2 ± 1.1%) parvocellular subdivisions.
Ultrastructural examination of CART-IR innervation of CRH neurons in the PVN
By ultrastructural analysis, DAB-labeled CART-IR terminals were seen to establish synapses on CRH neurons, the latter identified by the presence of the highly electron-dense silver particles. Tracing the juxtaposed CART-IR terminals and CRH-IR neurons through a series of ultrathin sections, both axo-somatic and axo-dendritic synaptic specializations were observed.
Origin of CART-IR innervation of CRH neurons in the PVN
We used α-MSH and PNMT as markers to identify CART-IR axons arising from the arcuate nucleus and C1-C3 adrenergic cell groups, respectively. All α-MSHcontaining axons co-contained CART in the PVN, as we have previously described, while CART was present in the vast majority of PNMT-IR fibers. CART/PNMT-IR axon varicosities were found in juxtaposition to nearly all (95.00 ± 1.53%) CRH
neurons. An average of 5.45 ± 0.14 CART/PNMT boutons per CRH cell were observed. CART/α-MSH-containing boutons were also found in close proximity to CRH neurons but not as frequently as CART/PNMT boutons. CART/α-MSH fibers were juxtaposed to 58.67 ± 3.71% of CRH neurons, and an average of 2.73 ± 0.13 CART/α-MSH boutons were found on the surface of the innervated cells. Of all CART-containing axon varicosities located on the surface of CRH neurons, 59.60 ± 2.10% contained PNMT, whereas only 18.47 ± 1.55% contained α-MSH. An additional 21.93 ± 1.98% of CART-IR varicosities were exclusively single-labeled, suggesting that these axons originate from loci other than the arcuate nucleus and the C1-3 areas. These single-labeled CART-IR varicosities were juxtaposed to 68.33 ± 4.91% of CRH neurons.
Effect of fasting on NPY and CART mRNA levels of the medullary C1-C3 areas
The intensity of NPY mRNA hybridization in the C1-C3 areas was similar between fed and fasted animals. Densitometric analysis of the middle portion of the C1 area (approximately between -12.8 and -12.5 mm from the Bregma), and C2 and C3 regions did not reveal significant differences between the fed and fasted group in either the number of NPY mRNA expressing cells, or in the intensity of hybridization signals of individual neurons in each regions.
Quantitative densitometry of the middle portion of the C1 area revealed no differences in the number of CART mRNA expressing cells, and in the area and integrated density values of CART mRNA positive cells between fed and fasted animals, while the mean gray value of hybridized C1 neurons was slightly but significantly reduced in fasted animals compared to fed controls (fasted vs. fed: 73.07 ± 1.25 vs. 77.01 ± 1.07, p=0.023). We did not detect significant differences between fed and fasted animals in any of the measured parameters in the C3 region. Since we could not identify unambiguously C2 neurons in our sections due to the close location of a large population of CART neurons in the medial NTS that are not adrenergic, we did not analyze the CART mRNA expression of the C2 area.
Galanin-and GALP-IR innervation of proTRH-containing neurons in the PVN
Galanin-IR axon varicosities were closely apposed to the majority of TRH neurons: in the periventricular and medial parvocellular subdivisions, 75.8 ± 6.7% and 61.6 ± 3.4% of the proTRH containing neurons were in juxtaposition with galanin-IR axon terminals, respectively.
By ultrastructural analysis, DAB labeled galanin-IR terminals were seen to establish synapses on proTRH neurons, the latter recognized by the presence of the highly electron-dense silver particles. In all instances, the synapses were found to be of the symmetric type.
GALP-IR fibers were found in juxtaposition to only a small number of proTRH-IR neurons in the PVN. In the periventricular and medial parvocellular subdivisions, only 9.6 ± 1.0% and 2.1 ± 0.2% of the proTRH-IR neurons were in juxtaposition with GALP-IR fibers. 
Our results indicate that CRH neurons receive additional CART-IR innervation
from outside the arcuate nucleus and C1-C3 areas, from either one or more of the CART cell groups located in the zona incerta and lateral hypothalamus, the NTS and locally in the PVN. These cell populations may contribute to the innervation of hypophysiotropic TRH neurons as well.
3. Finally, galanin but not GALP, is another orexigenic peptide that is in anatomic position to regulate TRH neurons.
We conclude that TRH and CRH neurons are innervated by axons containing feeding-related peptides that arise from multiple sources and differentially regulate these hypophysiotropic neurons. 
